Introduction

44
The long jump is one of the most natural, yet technically complex, events 45 in athletics. The event involves athletes running down a runway at full speed, 46 termed the approach run, and taking off as close as possible to the take-off line, 47 where the task constraint of foot placement accuracy at take-off is also present. 142 The aim of this study was to facilitate understanding regarding step characteristic 143 asymmetry and the influence of step length and step frequency on step velocity 144 in high level male long jumpers during the approach run. Subsequently, the 145 objectives of the present study were to a) investigate the relative influence of step 146 length and step frequency on step velocity of high level long jumpers during the 147 full approach run and b) to quantify the direction and magnitude of asymmetry of 148 these step characteristics. The purpose of this study was to increase knowledge 149 and understanding of step characteristic asymmetry and interactions to inform 150 future coaching practice. The videos were digitised using APAS 13.3.0.3. (Ariel Dynamics, Inc.,
202
Trabuco Canyon, CA). Analysis was performed on the frames containing the 203 instance of foot contact on the ground in each step. The analysis was performed 204 on the approach run of the athlete's best jump at the competition. The last two 205 strides of the approach run were excluded from each analysis since the technical 206 model of the event requires the last step prior to take-off being the shortest and 207 the second to last step the longest (Hay, 1986) . This pattern is necessary for the 208 athlete to prepare for the subsequent take-off and has a direct influence on the 209 athlete's typical running technique and subsequently at the calculation of step 210 velocity and frequency. Thus, the approach run of each athlete was analysed in three phases: a) the early approach (EA), containing the initial step of the 212 approach run, up to the eleventh from the board step, b) the late approach (LA), 213 containing the tenth to the third from the board step, and c) the total approach 214 run, containing all steps from the initial one up to the third from the board step 215 ( Figure 2) . Any walking or preparatory steps prior to the initial step were also 216 excluded from the analysis. 1988). A step was defined as the time (t) and distance between two successive 225 foot contacts (Bradshaw & Aisbett, 2006; Hay & Nohara, 1990) . Time was 226 defined as the period (in s) lapsed from one foot toe-off contact to the opposite 227 foot toe-off contact on the ground as recorded by the panning camera.
Step 
where Tc is the contact time (in s), Tf is the flight time (in s), which was defined 235 as the time between the end of the ground contact period of one foot to the 236 beginning of the ground contact period of the opposite foot as recorded by the 237 panning camera.
238
The accuracy concerning the identification of the time instances and the 239 extracted step characteristics was determined through inter-researcher reliability.
240
A second experienced experimenter independently re-examined 10% of the 241 recorded instances of interest and conducted the analysis as described above.
242
This procedure revealed that 57% of the recorded instances of interest were 243 identically defined by both researchers. One frame difference was found in 36% 244 of the cases. In only 7% of the data the difference was 2 frames. The latter while the other as the non-preferred (NP). Asymmetry values were first quantified between mean values for steps following P foot take-off (P-NP) and 280 steps following NP foot take-off (NP-P) for each athlete using the Symmetry Four out of ten athletes exhibited significant asymmetry during their total 338 approach run in at least one of the examined parameters between P-NP and NP-P 339 steps (Table 3 ). In detail, Athlete #P5 presented a significantly higher step length 340 on the P-NP step but a significantly higher step frequency on the NP-P step, 341 which resulted to a higher step velocity from the NP limb (although not 342 significant in terms of asymmetry, p = .240). Athlete #P7 also demonstrated significantly higher step length for the NP-P step and step frequency for the P-(although step velocity was again not significantly asymmetrical, p = 0.348).
346
Athlete #P8 presented a significantly higher step length on the NP-P step, but no 347 significant asymmetry in step frequency, which led to only a slightly higher step 348 velocity from the NP side that was not statistically significant (p = 0.949). For 349 Athlete #P10 step length was significantly larger for the P-NP step, whilst step 350 frequency was significantly higher on the NP-P step; however, no significant 351 asymmetry was reported for step velocity. revealed that four out of ten long jumpers (Athletes #P4, #P5, #P7 and #P8) were 362 more reliant on step frequency to increase sprint velocity.
363
However, a holistic approach may disguise the way that step length and Gajer, Thepaut-Mathieu, & Lehenaff, 1999; Hunter et al., 2004; Mackala, 2007; 373 Mackala & Mero, 2013; Mero, Luhtanen, Viitasalo, & Komi, 1981; Mero & 374 Komi, 1985; Shen, 2000) have stated that step length is a more influential Letzelter, 2006; Volkov & Lapin, 1979) . While individual strategies to 384 increase speed are variable, the overall trend to attain top speed is that 385 sprinters will first increase step length to increase speed at submaximal levels, 386 and then increase step frequency to achieve their highest speeds (Kuitunen, Komi Kyröläinen, 2002; Luhtanen & Komi, 1978; Mero & Komi, 1986; Weyand, 388 Sternlight, Bellizzi, & Wright, 2000) . However, in the current study, during the 389 initial part of the run-up only three athletes were reliant on one step characteristic 390 over the other (#P4, #P5, and #P7), all favouring step frequency. This reliance on 391 step frequency was adopted by more athletes during the late approach, with just two athletes (#P1 and #P7) favouring step length while seven athletes (#P2, #P4-#P10) for step frequency with no significant asymmetry reported for step 418 velocity. An interesting finding is that the direction of asymmetry was not related 419 to the athletes' take-off limb, with two athletes (#P5 and #P10) displaying 420 greater step length for the preferred limb and two (#P7 and #P8) for the non- Table 1 . Performance and step characteristics (mean ± SD). Results are 690 presented for the total approach run up as well as being separated into early (EA) 691 and late approach (LA). 
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